resource managers are to control the spread of the beetle, they will need to develop an effective early detection and rapid response program. Because infection rates in the valley varied along a gradient of dryness, resource managers trying to detect the KSHB in other areas should thoroughly search trees near surface water. JohnBoland@sbcglobal.net 11 12 13 23 24 Methods. I divided the riparian habitats in the valley into 29 survey units such that the 25 vegetation within each was relatively homogenous in terms of species composition, age and 26 density. From a random point within each unit, I examined approximately 60 individuals of the 27 dominant plant species for evidence of KSHB infection and evidence of major damage such as 28 limb breakage. In the 22 forested units, I examined the dominant arroyo and black willows (Salix 29 lasiolepis and S. gooddingii), and in the seven scrub units, I examined mule fat (Baccharis 30 salicifolia). In addition, I recorded evidence of infection in other common species as they were 31 encountered.
32
33 Results. Evidence of KSHB infection was found in 25 of the 29 units. In the forest units, 34 infection rates ranged from 0 to 100% and were high (>60%) in 16 of the units. In the scrub 35 units, infection rates ranged from 0 to 33%. Infection rates were significantly negatively 36 correlated with the dryness of a unit; drier units had lower infection rates. Evidence of physical 37 damage was found in 24 units, and dense stands of willows were reduced to broken trunks in 38 several areas. Overall, I estimated that more than 280,000 (70%) of the willows in the valley 39 were infected, and more than 140,000 had suffered major limb damage. Of the 23 species 40 examined, 14 showed evidence of beetle attack. The four species with the highest rates of 41 infection were native riparian trees in the Salicaeae family. The three species considered to be 42 the worst invasive plants in the valley, Ricinus communis, Tamarix ramosissima and Arundo 43 donax, had low rates of infection.
44
45 Discussion. The KSHB has substantially infected and damaged the dominant native trees in the 46 riparian forests of the Tijuana River Valley, and this has led to a drastic alteration in the structure 47 of the canopy of the forests. The loss of canopy is likely to promote the growth and spread of 48 invasive plant species that were relatively inconspicuous in the forests prior to the beetle attack. 49 The beetle's impacts are a novel disturbance, and it remains to be seen whether the affected 50 forests can recover. If resource managers are to control the spread of the beetle, they will need to 51 develop an effective early detection and rapid response program. Because infection rates in the 52 valley varied along a gradient of dryness, resource managers trying to detect the KSHB in other 53 areas should thoroughly search trees near surface water. In late summer 2015, the KSHB was found in the riparian forests of the Tijuana River Valley, 87 making these forests the first natural habitats in California to be substantially attacked by an 88 invasive ambrosia beetle. These forests are dominated by two willow species, Salix lasiolepis 89 Benth. (arroyo willow) and Salix gooddingii C.R. Ball (Goodding's black willow), which 90 account for more than 80% of the individuals and create the vertical structure of the forest 91 (Boland 2014a ). Both willows were attacked by the KSHB and, within only a few months, tens 92 of thousands of trees were visibly infected. The forests were so devastated that the attack was 93 covered by the local news media (e.g., Graham 2016 , Smith 2016 ).
95
Here I describe the distribution of the KSHB in the riparian habitats of the Tijuana River Valley 96 during the six-month period after first observation, assess the damage caused by the beetle, and 97 discuss the prospects of the habitats recovering from this unusual damage. The overarching goal 98 of this paper is to alert resource managers to this emerging beetle problem in natural habitats. . 105 The river is a managed intermittent stream that typically flows strongly in winter and spring and 106 is mostly dry in summer (Boland 2014a ). In 2015, however, the main river channels contained 107 water all summer because of unusual rain storms on May 7, May 15, July 18 and September 15. 108 The main river splits into two in the center of the floodplain at Hollister Bridge and the northern 109 arm carries more of the flows than the southern arm because of extensive sedimentation within 110 the southern arm. 128 To estimate the extent and magnitude of infestation and damage in the valley, I surveyed the 129 entire valley in a stratified random manner. I divided the valley's riparian forest and scrub 130 habitats into 29 survey units so that the vegetation within each was relatively homogenous in 131 terms of species composition, age and density (unpub. data). Within each unit, an accessible 132 survey point was chosen at random from among several accessible points. The location of each 133 survey point was recorded using a handheld GPS unit (Garmin eTrex Venture HC) and the units 134 were mapped (ArcGIS 10.2.2. and projected in Universal Transverse Mercator). I did three 135 surveys in each unit focused on the dominant plant species, S. lasiolepis and S. gooddingii in the 136 forest units, and B. salicifolia in the scrub units. 164 Infection rates in the common plant species 165 I examined all common tree and shrub species for signs of infection when they were encountered 166 while doing the surveys above. As above, a plant was counted as infected if it had beetle holes, 167 extrusion of sawdust plugs and frass, or 'gumming out' of sap whereas plants with only 168 'weeping' were noted but included with the non-infected plants in the final count. A total of 23 169 species were examined, and the rate of infection (the percent infected) was calculated for each 170 species.
172
173 RESULTS 174 Infection and damage rates in the valley 175 Evidence of KSHB infection was widespread throughout the valley, being observed in all but 176 four of the 29 survey units (Table 1) . Rates of infection were high (61 -100%) in 16 of the 22 177 forest units (Units 1 -14, 19, 22) . Most of the S. lasiolepis and S. gooddingii in these units had 178 obvious sawdust and frass coming out of abundant holes indicating active boring of the beetles 179 within. Rates of infection were low (<11%) in six of the forests units (Units 15 -18, 20 -21) and 180 in all of the riparian scrub units (<34%; Units 23 -29). Overall, an estimated 287,620 willow 181 trees (71% of the total) and 16,641 mule fat shrubs (4%) were infected by the KSHB (Table 1) .
183
The units with lower infection rates were contiguous in the center of the valley (Figure 3 ). These 184 units did not receive abundant surface flows because heavy sedimentation in the river west of 185 Hollister Street blocked flows to the southern arm of the river. Indeed infection rates within the 186 units were significantly negatively correlated with the dryness of the unit (Figure 4 ; r 2 = 0.577, p 187 < 0.01, n = 29). Units that were wet during spring and summer 2015 had the highest infection 188 rates, whereas units that were dry and far from surface water had the lowest infection rates. (Table 1) . Before-and-after photos taken of Unit 2 show the kind of damage seen in 192 the more heavily infected and damaged forest units ( Figure 5 ). The native riparian forest in this 239 habitats. It therefore appears that the KSHB preferred trees that were well-watered. This 240 observation suggests that others looking for KSHB infestations in other parts of southern 241 California should carefully examine sites that are willow-dominated and in or near surface water 242 in spring and summer. It also suggests that tree growers could decrease the watering of their trees 243 to reduce the risk of KSHB infection, and that research should be conducted on the relationship 244 between irrigation and beetle infestation in urban and agricultural settings. . The KSHB, however, has disturbed the forest in a unique way; the damaged forests are 263 littered with woody debris that has fallen from the canopy so there are few patches of open 264 sediment for seedlings, and there appear to be few living tree stumps from which stump sprouts 265 can grow. Opportunities for revegetation via seedlings and resprouting therefore appear to be 266 greatly limited. Whether the riparian vegetation can respond to this devastating and unique 267 disturbance caused by the KSHB beetle remains to be seen. Because the KSHB was not observed 268 to attack young willow and mule fat plants, removal of woody debris in sites suitable for their 269 recruitment might be a good strategy for promoting the recovery of damaged riparian habitats.
270
271 Fourth, the KSHB attack appears to be having ecosystem-wide impacts. The KSHB showed 272 a preference for the willows S. lasiolepis and S. gooddingii, the dominant trees in the Tijuana 273 River Valley (Boland 2014a) . Reduction or loss of these foundation species will drastically alter 274 the canopy architecture, understory microclimate, and ecosystem processes such as productivity 275 and water balance (Ellison et al. 2005) . Three species that are considered to be among the worst 276 invasive species in California (Cal-IPC 2006), R. communis, T. ramosissima and A. donax, are 277 likely to thrive in the damaged forests. Both of these species were present but relatively 278 inconspicuous in the forest prior to the beetle attack, and both are likely to grow tall and thrive in 279 the absence of a willow canopy (pers. obs.). A new riparian community composed of invasive 280 shrubs and herbaceous weeds is unlikely to provide the same quality of habitat and food-chain 281 support for the animal species in the valley, including the endangered bird species, Vireo bellii 282 pusillus, which summers and breeds in the riparian habitats of the valley. It is therefore possible 283 that the KSHB is not only affecting its preferred host species, but also having a profound impact 284 on the entire ecosystem's structure and function. Infection rates of common plant species.
KSHB infection rates of the common plant species in the Tijuana River Valley.
